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54 THE 1YIINNESOTA ACADEMY OF SCIENCE 
side formula, assuming that the function E(t) vanishes for t < 0, 
and the system starts from a quiescent condition at this instant. 
For continuous systems both of these procedures can be gener-
alized without difficulty, but the one depending on impulse functions 
becomes particularly useful. It turns out that its use leads one quite 
simply and di1·ectly to a type of analysis quite similar to the use of 
Green's functions in the solution of partial differential equations. 
One of the most interesting applications which has yet been made 
of this analysis is to the theory of electromechanical systems. These 
have the peculiarity that. unlike oscillatory systems of either 
purely mechanical or electrical type, the matrix of the equation ob-
tained for the amplitude functions is skew-symmetric, rather than 
symmetric. By employing a linear transformation of the operational 
equations of mixed character between displacement and force func-
tions (or currents and emf's) one can throw them into symmetric 
form. This sets up a type of analogy between electrical and mechan-
ical -systems of exactly the type suggested by Firestone and by 
Hahnle. The application of the impulse functions to the solution 
then readily leads to a complete analysis of such systems. The eom-
plete details of this work will be published in due course elsewhere. 
SOME EMISSION PHENOMENA OBSERVED 
0 COMMERCIAL PHOTOCELLS 
ZABOJ V. HARVALIK 
State Teachers College, Duluth 
The author used for special photometric measurements a control 
circuit as suggested by RCA (1). The principle of the circuit is that 
a condenser is charged with direct current and discharged by a 
photocell that is exposed to light. The more light that falls upon the 
photocell the faster the condenser will discharge, and the shorter 
will be the operation interval of a relay introduced into this circuit. 
If one uses this circuit for exposure control of a photographic 
process one must carefully select the photocell. Focussing and 
manipulation in the dark-room are frequently done by using safe-
light. If a photocell sensitive to red or infra-red were used, the 
activation of the relay would be affected by this illumination in 
addition to the exposure proper. It is evident therefore that a 
photocell not sensitive to red or infra-red light must be used, such 
as a RCA 929 phototube, the threshold wavelength of which is 
approximately 630 mµ as indicated in the RCA pamphlet (1). 
The author noticed that the operation interval used to expose 
the photographic emulsion was shorter when the focussing filter 
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plus safelight was used. The operation interval became correct how-
ever when a blue-green color filter (Corning 430, cut-off at 630 mµ) 
(11, 12) was used in front of the phototube. 
This experience induced the author to investigate the color-sensi-
tivity of this particular phototube, used in the control circuit. It is 
known that the threshold wavelengths of pure alkali metals such as 
potassium, sodium, and cesium are approximately 630 mµ (2), 640 mµ 
(3), and 740 m1,1, (3) respectively. Many investigators have found 
that impurities shift the threshold wavelength toward the red ·end 
of the spectrum (4, 5) and L. R. Koller (6) reports that cesium, on 
oxidized silver has a photo-electric threshold beyond 1000 mµ. The 
state of the photo-active surface influences the threshold wavelength 
too, (7) e.g. colored colloidal potassium shows a threshold wave-
length of 650 mµ, reflecting layer of potassium on glass 500 mµ, thin 
film of potassium on platinum 770 m1,1, (8) . 
Considering these facts it is not surprising that commercial photo-
tubes such as RCA 929 show a sensitivity beyond the threshold 
wavelength given in pamphlet (1). If photocells used in colorime-
tric, photometric and control work where different colors, or colored 
solutions are applied it is advisable to test the color sensitivity of 
the photocell. Table I illustrates the sensitivity of the RCA 929 
Phototube. These values have been obtained by using circuit shown 
in Fig. 1. 
During the procedure for the investigation of the color-sensitivity 
of the phototube another discrepancy from the pamphlet (1) was 
discovered. When the anode potential was zero (see Fig. 2) a cur-
rent was observed flowing from the anode (externally) to the cathode 
when the cell was exposed to light. The current was observable even 
by using a Corning 255 Infra-Red filter with the cut-off of '750 mµ. 
Table II shows the photocurrents obtained by using the circuit 
Fig. 2. 
Millikan proved experimentally Einstein's Equation and found 
that incident light produced a potential on a photo-active surface 
that can be balanced by an externally applied potential. This re-
tarding (and in its limit stopping) potential depends upon the color 
of the incident light. This means that a potential difference exists 
between the electrodes of a photocell if light falls upon the photo-
active surface. The color sensitivity of the tube investigated by 
using circuit Fig. 2 is identical to that when used in circuit Fig. 1. 
Nevertheless most of the books and papers on photo-electric tubes 
state that a battery must be used to observe a photo current. 
When a battery was connected with the photocell in such a way 
that the negative pole of the battery was connected with the anode 
(see Fig. 3) and the positive pole of the battery with the cathode of 
the photocell a current was observed flowing from the anode (in-
ternally) to the cathode. This current is very small, and apparently 
TABLE I 
without Corning Corning Corning Corning Corning Corning Corning 
filter 254, 6mm.* 240, 6mm. 350, 6mm. 348,5mm. 338, 5mm. 375,8mm. 014, 8mm. 
6.9 0.1 0.5 1.7 !t.4 3.8 4.9 6,8 
div. div. div. div . div. div. div. div. 
NOTE: l div .=3.0 x 10-• A. Mean distance of the light source 
Corning Corning Plate potential: 36 volts. to the photocell (photoactive sur-
440, 7mm. 430, 8mm. Light source: Tungsten filament, 
4 volt, 0.25 amp. operated with 2.7 1.6 3.2 volts . div. div. 















350, 6mm. 348, 5mm. 
1.1 1.8 
div . div. 
face): 9.0 cm. 
Corning Corning Corning 
338,5mm. 375, 8mm. 014, 8mm. 
3.2 3.8 6.3 
div. div. div. 
'oTE: l div.=3.0 x 10-• A. 
No plate battery used. 
Light source: Tungsten filament, 
6 volt, 32 cp. Auto-bulb oper-
ated with 6 volts . 
Corning Corning 
440, 7mm. 430, 8mm. 
Mean distance of the light source 
to the photocell (photoactive sur-
















NoTE: I div. = 3.0 x 10-• A. 
Plate potential: 36 volts. 
Light source: Tungsten filament, 6 
volt, 32 cp. Auto-bulb, operated 
with 6 volts. 
Mean distance of the light source to 





Light source a only 0.15 
Light source a and f3 1.65 
Light source f3 only 1.35 
NOTE: l div.= 3.0 x 10-• A. 






Light source a: Tungsten filament, 
4 volt, 0.25 amp., operated with 
4 volts. 
Light source {3: Tungsten filament, 
6 volt, 32 cp. Auto-bulb, operated 
with 3 volts. 
Corning Corning Corning 
350, 6mm . 348, 5mm. 440, 7mm. 
0.04 0.06 0.04 
1.40 1.45 1.45 
1.35 1.35 1.35 
Mean distance of 
Light source a : 9 cm. 















originates on the anode. It can be explained by deposit of alkali 
metal on the anode (surely not intentionally deposited) that acts 
in this case as the photo-active cathode. Table III indicates the 
current produced under different conditions of exposure to light. 
Olpin was apparently the first who observed a diminution of photo-
electric emission by simultaneous infra-red illumination (10). The 
photocell (RCA 9~9) under investigation dicl not show such an 
effect, but a considerable increase of photo current was observed 
when the cell was pre-exposed to visible light. (see Table IV) The 
explanation of this behavior is the possibility of a varying sensitivity 
of the cell for different light intensities. Considering the primary 
photo-electric effect in photronic cells (Barrier Layer Photocells), 
the effect reported above appears to be similar. It seems in the latter 
case the electrons are transferred from the alkali surface to the anode 
through vacuum while the transfer of electrons in a photronic cell 
takes place in the inter-molecular space between the layers (Cu-
Cu20-Ag). This interpretation however wnuld indicate that there 
is no difference in principle between the photronic effect and the 
photoelectric effect produced by vacuum or gas filled photocells, if 
we do not apply an external potential. 
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DO MAGNETIC IONS EXIST? 
GORDON MARTIN AND RoN ALD WANGSNESS 
University of Minnesota 
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THE QUANTUM YIELD OF THE OXYGEN 
PRODUCTION OF ILLUMINATED CHLOROPLASTS 
SUSPENDED IN A SOLUTION CONTAINING 
FERRIC OXALATE 
G. s. RABIDEAU AND C. s. FRENCH 
University of Minnesota 
ABSTRACT 
Since the discovery of the evolution of oxygen by cell-free illumi-
nated chloroplasts by Hill in 1937 much interest has been shown 
in this reaction to ascertain whether or not it is a part of the photo-
synthetic reaction proper. If one could find under controlled con-
ditions, a quantum yield for this reaction consistent with the findings 
of Emerson and Lewis of California, and Stauffer, Duggar, and 
Daniels, of Wisconsin on algal photosynthesis, one could establish 
another similarity of this reaction to the photosynthetic reaction in 
intact green plants. 
The light used in this study came from a llO volt, 1000 watt tung-
sten projection bulb run at 8.0 amperes by means of a voltage 
regulator. This light was filtered through a water filter three meters 
in length and a corning RG 5 filter to give a band of light from 660 
to 7~0 mµ .. This light was focussed, with the aid of a lens and mirror 
system, on the bottom of a manometric vessel in a water thermostat 
with a controlled temperature of 10.000° C. ±0.005°. The mano-
meter was the differential type, so that one vessel could be illumi-
nated and the other serve as the dark control vessel. The chloroplast 
suspension, prepared from macerated spinach leaves was mixed 
with Hill solution consisting of sucrose, potassium ferricyanide, po-
